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Abstract 
Marine environment and resources have always been and continue to be an important support for human existence and 
development. However, the increasing interferences by various types of human activities have made marine and coastal 
ecosystem under heavier pressure. With the rapid development of shipping industry, especially ship transportation of petroleum,
accidental oil spills have been one example of the human pressure and constituted one of the biggest threats to marine ecosystem.
Marine oil spill accidents have also brought huge economic losses to local fishery, aquaculture, tourism and etc. Therefore, it is 
important to forecast and cut the risk of marine accidental oil spills. This paper focuses on the probability for potential future oil 
spill accidents in Luoyuan Bay. Based on the predicted number of vessels in Luoyuan Bay in the future, we estimate the 
foundational probability of shipping accident and then forecast the probabilistic risk of oil spill accidents using methodologies of 
probability and mathematical statistics. By calculating the probability of oil spills from oil tankers of different tonnages, we also 
predict the spilled oil quantity at one time and its diffusion area. The results indicate that the foundational probability is 
0.361×10-4/S in the next S years, and the probability of oil spills from vessels is 0.0925, implying that the oil spill accidents may 
occur almost once every 10 years. The possible spilled oil quantity at one time is 57.3 tons and the oil diffusion area may reach 
0.64km2 after one tidal cycle. Finally, we put forward some relevant measures for the risk prevention of oil spill accidents in 
Luoyuan Bay. 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Marine environment and resources have always been and continue to be an important support for human existence 
and development, so it is crucial to protect marine environment and resources for the sustainable development of 
coastal zones. The increasing interferences by various types of human activities have made marine and coastal 
ecosystem under heavier pressure. With the rapid development of shipping industry, especially ship transportation of 
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petroleum, accidental oil spills have been one example of the human pressure and constituted one of the biggest 
threats to marine ecosystem. Marine oil spill accidents have also brought huge economic losses to local fishery, 
aquaculture, tourism and etc. Therefore, it is important to forecast and cut the risk of marine accidental oil spills, and 
studies on risk assessment of oil spills from vessels and relevant preventive measures, especially at the stages of the 
regional environmental planning, have both academic significance and practical value.  
Some scholars have made a lot of researches on the simulation and prediction of marine accidental oil spills, 
using stochastic theory, fuzzy mathematics and matter-element analysis (Conthem et al., 1986; Suter et al., 1987) [1-
2]. Bayesian analysis based on the oil spill history records has drawn much attention, and it has been applied in the 
studies of methodology and several cases (Stewart et al., 1973; Devanney et al., 1974; Cheryl et al., 1994) [3-5]. 
Schulze (1983) discussed the impact of visibility on the oil tanker accidents at St. Mary’s River and analyzed the 
relevance of the oil spill probability with the oil tankers’ throughput and their accident probability, and then 
obtained a formula of the oil spill probability [6]. Sergey et al. (1999) performed a simulation of the movement of 
spilled oil after the incident of the Russian tanker Nakhodka in the Sea of Japan by a particle tracking model 
incorporating advection by currents, random diffusion, the buoyancy effect, the parameterization of oil evaporation, 
biodegradation, and beaching, and discussed the effect of different parameterizations for the size distribution of 
model oil particles [7]. Study on risk assessment of marine accidental oil spills started relatively late in China. Due 
to more frequent oil spill accidents in recent years, some researchers have focused on analyzing reason of accidental 
oil spills and predicting the oil spill probability (Zhu, 1997; Li et al., 1999; Xiao, 2001) [8-10]. Some case studies on 
risk assessment of ship oil spills in harbors have been done (Li, 2000; Sun, 2006; Jin, 2006; Tian, 2006) [11-14], but 
most of them adopted the fuzzy comprehensive evaluation method and the methodology is more single. Overall, 
there is still a lack of systematic methodology, and the more in-depth case studies are rare.  
The construction of harbor district in Fuzhou Luoyuan Bay, one of the most important deep-water ports in Fujian 
Province, has already been operated at a rapid pace. Presumably, as the number of vessels, especially oil tankers, in 
the harbor increases, the probability of oil spill accidents will increase. This paper focuses on the probability for 
potential future oil spills in Luoyuan Bay. Based on the predicted number of vessels in Luoyuan Bay in the future, 
this paper estimates the foundational probability of shipping accidents, and then forecasts the probabilistic risk of oil 
spill accidents using methodologies of probability and mathematical statistics. By calculating the probability of oil 
spills from oil tankers of different tonnages, we also predict the oil spill quantity at one time and its diffusion area. 
Some relevant measures for the risk prevention of oil spill accidents in Luoyuan Bay are finally put forward. It is 
anticipated that the results of this study will be helpful to the decision making on risk prevention and management of 
oil spill accidents in Luoyuan Bay. 
2. Risk Assessment of Oil Spills from Vessels in Luoyuan Bay 
2.1. Estimating number of vessels entering and leaving Luoyuan Bay in the future 
Luoyuan Bay is located at the northeastern coast of Fujian Province, with a width of about 2km and a length of 
25km. Its unique natural conditions, such as small wind, smooth wave, and broad deep-water area of non-freezing 
and non-silting, make it become one of the best deep-water bays that can be built into a port with a potential 
capacity of 50 to 300 thousand tons both in Fujian Province and China. Fujian provincial government has 
determined to develop Luoyuan Bay as a deep-water port area of Fuzhou. At present, Luoyuan Bay remains as a 
relatively developed aquiculture region in Fujian. 
According to the Specific Planning for Control of Luoyuan Bay Region in Fuzhou1, Luoyuan Bay has been 
planned to develop a port with an annual throughput capacity of 226 million tons. The estimated annual throughput 
capacities for vessels of three different tonnages, including smaller than 20 thousand tonnages, between 20 to 50 
thousand tonnages and beyond 50 thousand tonnages, are 43 million tons, 93 million tons and 90 million tons, 
respectively. There are four major types of goods shipped in and out of the port, including dry bulk cargo, liquid 
bulk cargo, break-bulk cargo and container cargo. The annual capacity of the liquid bulk cargos, consisting mainly 
1 Road and Port Traffic Consultation Center of Fujian, the Specific Planning for Control of Luoyuan Bay Region in Fuzhou, 2005 
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of petroleum, is 55 million tons, accounting for one quarter of annual throughput capacity of whole port. The 
estimated annual throughput capacity for oil tankers of the three different tonnages is 19 million tons, 18 million 
tons and 18 million tons, respectively. Taking 10 thousand tons, 30 thousand tons and 100 thousand tons as the 
average tonnages for vessels of the three different tonnages, respectively, the approximate number of vessels passing 
in and out of Luoyuan Bay can be estimated. It can be seen from Tab.1 that the predicted total number of vessels is 
8300, and the number of oil tankers is 2680, making 32.3% of the total number. Oil tankers of the three different 
tonnages respectively take up 70.9%, 22.4% and 6.7% of total oil tankers. 
Table 1. The predicted number of vessels passing in and out of Luoyuan Bay in the future 
Tonnage 
(1×104 tons)
Annual capacity 
of vessels  
(1×104 tons/a)
Number of 
vessels
(shipping/a)
Annual capacity 
of oil tankers 
(1×104 tons/a)
Number of oil 
tankers  
(shipping/a)
Percentage
of oil tankers  
(%)
R0 1
(%)
<2 4300 4300 1900 1900 - 70.9 
2-5 9300 3100 1800 600 - 22.4 
>5 9000 900 1800 180 - 6.7 
Total 22600 8300 5500 2680 32.3 100 
                    1R0 = the percentage of oil tankers of the three different tonnages to total number of oil tankers 
2.2. Foundation probability of shipping accidents 
Each shipping accident is usually independent and rare accident, and the probability of occurrence follows 
discrete probability distribution. 
Assuming that there are n vessels passing by the study sea area and k (k = 0, 1,…, n) accidents happen, then the 
probability function P (x = k) can be expressed as: 
knkk
n ppCkxP
  )1()(                                                                                                                           (1)  
Here Cnk is combinational formula; p is foundation probability of ship accidents; n is the total number of vessels 
passing in and out of Luoyuan Bay. When k = 0, Eq. (1) can be transformed to Eq. (2). 
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Assuming that the confidence for nonoccurrence of major shipping accident in the study sea area is 95%, when k
t 1, Eq. (1) can be transformed to Eq. (3). 
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From Eq. (2) and Eq. (3), we can get the formula below:  
np 05.01d                                                                                                                                                (4)
The predicted number of vessels passing in and out of Luoyuan Bay in the future is 8300 per year (Tab. 1), and 
the total number is 8300×S in the next S years, so n =8300×S in Eq. (4). Using the code of C++ program language 
to solve Eq. (4), we can obtain the computed result, i.e. pd 0.361×10-4/S. So the foundation probability of shipping 
accidents in Luoyuan Bay is less than or equal to 0.361×10-4/S.
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2.3. Theoretical estimates of oil spill probability 
While estimating the risk probability of accidental oil spills, we only consider the accidents caused by the 
collision, grounding and hull damage, which account for a large proportion of shipping accidents, and ignore other 
accidents. To simplify the calculation, we assume that half of oil tankers passing in and out the port is fully loaded 
with oil, and the other half is empty, suggesting that the oil spill probability from oil tankers loaded with oil is 0.5. 
The derivation below follows this assumption. 
2.3.1. Probability of oil spills from oil tanker accidents caused by collision 
The necessary condition for oil spill accidents caused by the oil tanker collisions is that at least one tanker loaded 
with oil collides with another ship or with the dock. The collision accidents of oil tankers (at least one tanker loaded 
with oil), on ship channel, at anchorage, and on berth, are expressed with incident A, B and C, respectively, and the 
corresponding probabilities of oil spill accidents caused by the collisions are P (A), P (B) and P (C), respectively. If 
the ratio of oil tankers to total vessels passing in and out of the port is R, the proportions of tankers loaded with oil 
and empty tankers are R/2 and 1-R/2, respectively. When two collided ships are all tankers loaded with oil, the 
probability is R/2×R/2. While only one of two collided ships is tanker loaded with oil, the probability is 2×(R/2)×(1-
R/2). According to Eq. (1-4), the foundation probability of shipping accidents is p, assuming the probability of 
collision accident on ship channel is equal to that at anchorage and to that on berth, i.e. p/3, then P (A), P (B) and P 
(C) could be respectively expressed by Eq. (5), (6) and (7). 
P(A) = 0.5×p/3×(R/2×R/2+2×(R/2)×(1-R/2))                                                                                             (5)
P(B) = 0.5×p/3×(R/2×R/2+2×(R/2)×(1-R/2))                                                                                             (6) 
P(C) = 0.5×p/3×R/2                                                                                                                                      (7) 
Let D1 denote the oil spill incident caused by the collisions, then its probability can be expressed by P (D1).
P(D1) = (P(A)+P(B)+P(C)) = (p/12)×R(5-R)                                                                                               (8) 
2.3.2. Probability of oil spills from oil tanker accidents caused by grounding and hull damage 
The grounding and hull damage accidents of one tanker loaded with oil are respectively expressed with incident 
D2 and incident D3, and the corresponding probabilities of oil spill accidents are P (D2) and P (D3), respectively. 
Following the basic ways of 2.1.3, P (D2) and P (D3) can be calculated by the equations below: 
P(D2) = 0.5×pR/2 = pR/4                                                                                                                              (9) 
P(D3) = 0.5×pR/2 = pR/4                                                                                                                            (10) 
In Eq. (9-10), the meanings of p and R are the same as Eq. (5-8). 
2.3.3. Probability of accidental oil spills from vessels in Luoyuan Bay 
To sum up, the probability of accidental oil spills from oil tankers can be expressed by P (D).   
P(D) = P(D1)+P(D2)+P(D3) = pR(11-R)/12                                                                                               (11) 
 Xiaoyu Hong et al. / Procedia Environmental Sciences 2 (2010) 49–56 53
It can be known that the total number of vessels passing in and out of Luoyuan Bay is 8300×S in the next S years 
from section 2.2, i.e. n = 8300×S in Eq. (4), then the risk probability of accidental oil spills from oil tankers in 
Luoyuan Bay can be expressed with P (D0). 
P(D0) = R×n×P(D) = R×n×pR(11-R)/12                                                                                                    (12) 
Besides oil tankers, we consider the accidental oil spills caused by nontank vessels. If the ratio of oil spill 
accidents caused by non-tank vessel to the total number of non-tank vessel accidents is r, the probability of oil spill 
accidents caused by non-tank vessels can be expressed with P (D0). 
P(D0) = (1-R)×n×p×r                                                                                                                                  (13) 
The probability of oil spills from vessels in Luoyuan Bay is P.
P = P(D0)+P(D0) = R×n×pR(11-R)/12+(1-R)×n×p×r                                                                              (14) 
In Eq. (12-14), the meanings of R, n and p are the same as above.  
According to the relevant information (Zhang et al., 2009) [15], there were 126 non-tank vessel accidents in 
Xiamen Sea Area between 1995 and 2005, involved 4 oil spill accidents. As the port of Luoyuan Bay is still in 
development and construction, there are no oil spill history records. Considering the predicted annual throughput 
capacities for the port of Luoyuan Bay are similar to those in Xiamen Port, so we take the data of Xiamen Port as 
reference for the value of r, i.e. r = 4/126 = 0.0317.  
The estimated probabilities of oil spills from vessels in Luoyuan Bay are showed in Table 2. 
Table 2. The probability of oil spills from vessels in Luoyuan Bay 
Probability Formulas Results Parameter Value 
P (D0) P (D0) = R×n×pR(11-R)/12 0.0861 n = 8300×S *
p = 0.361×10-4/S *
R = 32.3% 
r = 0.0317 
P(D0) P(D0) = (1-R)×n×p×r 0.0064 
P P = P (D0) + P(D0) 0.0925 
* S denotes the next S years. 
In short, if the total number of ships passing in and out of Luoyuan Bay is 8300×S in the next S years, the 
foundational probability of shipping accidents is 0.361×10-4/S and the probability of oil spills from ships in Luoyuan 
Bay is 0.0925, almost once each ten years. As the number of ships, especially oil tankers, in the harbor increases, the 
probability of oil spill accidents may raise.  
2.4.  Analysis of possible oil spill quantity 
The quantity of spilled oil from oil tanker accidents depends on the extent of damage and the damaged part of oil 
tanker. The maximum spillage at an oil spill accident is all of oil loaded in tanker, but it is a rare occurrence. When 
oil spill accidents caused by the collision, grounding and hull damage happen, only a portion of oil loaded in tanker 
will spill out in most cases. According to the relevant statistics, there were 26 major oil spill accidents between 1973 
and 1994 in China, the quantity of spilled oil at 25 accidents is less than 10% of all oil loaded in ship (Xiao, 2001)
[10]. 
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It can be seen from Table 1, the percentages of oil tankers of the three different tonnages to total number of oil 
tankers in Luoyuan Bay, i.e. R0, are 70.9%, 22.4% and 6.7%, respectively. Introducing R0 to Eq. (11), the probability 
of oil spills from oil tankers of the three different tonnages can be expressed as P1.
P1 = R0×P(D) = R0×pR(11-R)/12                                                                                                                (15) 
Here the meanings of R and p are the same as above.  
Taking 10 thousand tons, 30 thousand tons and 100 thousand tons as the average tonnages for oil tankers of less 
than 20 thousand tons, between 20 to 50 thousand tons, and more than 50 thousand tons, respectively, and assuming 
the oil spillage is 10% of the average tonnage of oil tanker at an oil spill accident, the probability of oil spills from 
oil tankers of the three different tonnages and the corresponding spilled oil quantity can be calculated with Eq. (15). 
The results are listed in Table 3. 
Table 3. The probability of oil spills from oil tankers of the three different tonnages and the corresponding spilled oil quantity in Luoyuan Bay 
Tonnages of oil tankers ˄1×104 tons˅ < 2 2 –5 >5 Total 
P1 0.0197 0.0062 0.0019  
Spilled oil quantity (ton) 19.7 18.6 19 57.3 
The results show that the probability of oil spills for oil tankers of less than 20 thousand tons is relatively bigger, 
and the possible spilled oil quantity at one time is 57.3 tons. 
2.5. Calculation of diffusion areas 
Under the circumstance that wind and current are relatively small, the diffusion area of spilled oil on sea can be 
predicted by Blokker formula (Wang, 2007) [16]: 
  tVkDD
w
wt 0
0
0
3
0
3 24
J
JJJS                                                                                                                    (16) 
Here Dt is the diameter of oil slick after t min (m); D0 is the diameter of oil slick at the initial time (m); Ȗw is
water’s specific gravity (1.0); Ȗ0 is crude’s specific gravity (0.85); V0 is the volume of spilled oil (m3); k is a constant 
(for Middle East Crude, k =15000/min); t is the diffusion time (min).  
According to Table 3, the possible spilled oil quantity in Luoyuan Bay at one time is 57.3 tons (translated into
67.41m3 on the basis of specific gravity 0.85). Assuming the thickness of oil slick is 0.1m at the initial time and 
taking 67.41m3 as the volume of spilled oil, the estimated diffusion area is 0.64km2 after one tidal cycle (12.42h). 
Presumably, the diffusion area of spilled oil may be bigger when the impacts of the wind, current, tide, water 
temperature and other factors are taken into account. Once the oil spill accident occurs, it will bring severe impacts 
on the marine ecosystem, especially on the aquaculture within the bay. 
3. Risk Prevention Measures of Oil Spills from Vessels in Luoyuan Bay 
The result of risk prediction for oil spills from ships in Luoyuan Bay shows that the probability of oil spills is 
0.0925, implying that the oil spill accidents would occur almost once every 10 years. The risk of oil spills in 
Luoyuan Bay can not be overlooked. The port area of Luoyuan Bay should make a prevention-oriented risk 
management plan for oil spills in order to reduce the risk of oil spill accidents. Weather, hydrodynamic conditions of 
channels, mechanical failures of ships, human operational errors, and lagging behind in the control system of ships 
entering and leaving port are the primary causes of oil spills from ships (Wang, 2007) [16]. In view of these 
influencing factors and the natural condition of Luoyuan Bay, we propose following precautionary measures for 
preventing the accidental oil spills. 
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1. Establishing the Vessel Traffic Service in Luoyuan Bay and its adjacent sea areas, and modernizing the port 
and maritime traffic management system. 
2. Establishing clear warning signs in ship channels with bad hydrological conditions, and paying more attention 
to the setting of navigation facilities and maintenance work; reducing the speed of navigation in bad weather 
condition, and prohibiting the passage of any vessel when the navigation condition is extremely bad; building 
the rules and regulations about berthing and unberthing in Luoyuan Bay to strictly control the speed of ships
entering and leaving the harbor. 
3. Strengthening the supervision and inspection on the oil pollution prevention equipments and technical guides 
of ships; restricting the access of oil tankers with bad technical status, and improving the safety technical 
conditions of oil tankers entering in the harbor. 
4. Improving crew’s actual operation ability and adaptability. Meanwhile, enhancing the sense of responsibility 
for the safe navigation and the public environmental awareness to avoid the oil spill accidents caused by 
human errors. 
Furthermore, the relevant departments should make a sound harbor oil pollution emergency plan based on the 
actual situation of Luoyuan Bay. Once an oil spill accident happens, the emergency plan can work timely and 
effectively to minimize the economic and ecological damages caused by oil pollution. 
4. Conclusion 
Luoyuan Bay has unique natural conditions such as small wind, smooth wave, and broad deep-water area of non-
freezing and non-silting, and is one of the best deep-water bays that can be built into a port with a potential capacity 
of 50 to 300 thousand tons both in Fujian Province and China. With the rapid development of harbor and marine 
transportation, there exist the risks of oil spills that cannot be overlooked in Luoyuan Bay. 
The predicted number of vessels passing in and out of Luoyuan Bay is 8300×S in the next S years, and the 
foundational probability of shipping accidents is 0.361×10-4/S. The probability of oil spills from vessels is 0.0925, 
implying that the oil spill accidents may occur almost once every 10 years. As the number of ships, especially the oil 
tankers, in the harbor increases, the probability of oil spills may raise. 
By calculating the probability of oil spills from oil tankers of the three different tonnages, we also predict the 
spilled oil quantity at one time and its diffusion area. The results indicate that the possible spilled oil quantity at one 
time is 57.3 tons and the diffusion area of spilled oil will reach 0.64km2 after one tidal cycle. The diffusion area may 
be bigger when the impacts of the wind, current, tide, water temperature and other factors are taken into account. 
Once the oil spill accident occurs, it will bring severe impacts on the marine ecosystem, especially on the 
aquaculture within the bay. 
It is quite important to take some risk prevention measures of oil spills in Luoyuan Bay as early as possible. 
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